Function point analysis has become well-established as a method for estimating software size and, sometimes, software effort. However, the accuracy of estimation models using function points to estimate size or effort has not been ascertained significantly. This paper summarizes a study performed at the Air Force Institute of Technology (AFIT) in 1991 to assess the expected accuracy of three function point-based models: the Tecelote Software Program Acquisition Network Simulation (SPANS) model, the Checkpoint model,. and the Costar model.
INTRODUCTION
This paper is presented in three segments. The first segment of the paper surveys the theory of function points and the history of their usage from Albrechtls research in the early 1980's to the present time. A general comparison of function point models to other software size and effort estimation models and techniques is included, as is a brief description of the three models used in the AFIT study.
The second segment of the paper describes the AFIT study.
The three models selected were compared to a historical data base of thirty-six points using three statistical techniques; the Least Squares Best Fit, Wilcoxon ltT1t, and Percentage Error techniques. The results were used to assess estimating reliability of the models, estimation bias present in the models, and a comparison of model estimates to actual amounts of effort at the twenty and thirty percent levels. The models were then compared both on an absolute basis of how well they performed on the statistical tests, and a relative basis of how they compared to each other.
The third segment of the paper briefly examines the future directions for function points as an estimation technique. Current efforts of the International Function Points Working Group are discussed, as well as endeavors to adapt function points to the scientific and real time environments.
HISTORY OF FUNCTION POINTS
Function points originated with the work of Allan Albrecht [l] as a methodology for estimating the size of a program in source lines of code (SLOC) . Based on his research on large data processing programs written in the COBOL and PL/1 languages, Albrecht further hypothesized that function points may be an alternative to using SLOC to estimate the cost or effort re-quired for software development. Based on earlier research by Maurice Halstead, Albrecht's function points are computed from five attributes of a program: the number of external input types (I), the number of external output types (0) , the number of logical internal file types (F) , the number of external interface types (N), and the number of external inquiry types ( a ) . Albrecht I s original basic equation for function points, according to Behrens [ 2 ] , was:
where BFP is "basic function pointsv1, before any complexity adjustments are made.
While the BFP equation may be suitable for preliminary estimates, two complexity adjustments can provide a more refined estimate.
First, Albrecht recommends that each item for each attribute be classified as llsimpletl, tlaveragell, or llcomplexNt, and weighted accordingly. (The BFP equation assumes all items are "average". ) For the logical internal files attribute, for example, a simple item would contain 1 logical record format, an average item would contain 2-5 formats, and a complex item would contain 6 or more formats [3] . Table 1 shows the numerical values for the weights assigned to the complexity ratings for each attribute [l]. The revised basic equation using these attribute complexity ratings results in llunadjusted function points" (UFP) . A second adjustment to the basic equation is a processing complexity adjustment which accounts for the degree of influence of fourteen characteristics of the physical system on which the software resides. The fourteen characteristics, as described by Dreger [ 3 ] , are as follows:
4. Each characteristic is rated, preferably by a system user, from 0 to 5 based on the "degree of influence" for that characteristic, with a rating of 3 is usually llaveragell. For example, fcr Characteristic 6 above, on-line data entry, a rating of 0-2 indicates that 0-15% of the transactions are interactive data entry: a rating of [3] [4] indicates that 1 5 -3 0 % are interactive: and a rating of 5 indicates that 3 0 -5 0 % are interactive [ 3 ] .
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The ratings of all fourteen factors are summed to compute a total degree of influence (TDI), and adjusted function points (FP) are computed using the equation : ( 2 ) From equation ( 2 ) and the information above, it can be seen that the TDI can alter the UFP by up to 35% in either direction.
Several independent studies have verified that, for data processing applications, function points as computed in equation (2) are indeed superior to SLOC for estimating cost or effort. A study performed by Kemerer [ 4 ] compared two function point cost estimation models with two SLOC-based models by comparing model estimates with actual levels of effort for fifteen programs, most of which were written in COBOL. The two function point models, ESTIMACS and an Albrechtderived model, were much more accurate than the two SLOC-based models, PRICE-S and SLIM.
However, for even the most accurate model, ESTIMACS, the estimates averaged 8 5 % higher than actual levels of effort.
Therefore, the expected accuracy of the models is uncertain, although it appears that accuracy may be improved by calibration.
Another study by Low and Jeffery [5] , performed for COBOL and PL/1 business programs, concluded that function points were a more consistent estimator of software size than was SLOC. The AFIT study, which will now be discussed, also adds credibility to function points as an effort estimator.
THE AFIT FUNCTION POINTS STUDY
In 1991, a thesis study [6] was performed at AFIT to assess the expected reliability and accuracy of three function point-based cost estimating models; SPANS, Checkpoint, and Costar: by comparing model effort estimates with historical results. The study was sponsored in part by the Air Force Standard Systems Center (SSC) at Gunter Air Force Base, Alabama. The details of this study regarding the database used, three models used, the results of statistical tests, and study conclusions will now be discussed.
The Database
The database used for this study, summarized in Table 2 , contains 36 business programs, most of which were written in COBOL, for which function point information and historical effort results were available.
The first 22 entries were from a database developed by Albrecht, and the last 14 were from Kemerer's data set [4] . The combined data set is considered sufficiently large for the statistical tests run on the models. In Table  2 , function counts are UFP discussed previously, function points are FP computed in Equation (2), and complexity is (0.65 x TDI) in Equation (2) .
The Three Models
The three cost models selected for the study were models which allowed function points as an input and which were readily available to AFIT at the time of the study. Each is now briefly described.
SPANS was developed by Tecelote
Research, Inc. primarily for use by the SSC. It incorporates two function point algorithms; the Albrecht equations discussed previously, and an algorithm derived from historical data at the SSC. SPANS then uses algorithms based on Dr. Boehm's [7] Constructive Cost Model (COCOMO) to compute effort. It was developed for use in military information systems, although it can be used in other environments.
Checkpoint is a commercial model developed by Software Productivity Research [ 8 ] ; it is based on the work of Capers Jones. It uses a variant of the Albrecht equations to compute function points for business programs, and uses feature points, to be discussed later, for real time programs.
Portions of the effort estimating equations are company-proprietary.
Costar is a commercial software model marketed by Softstar Systems [9] which uses the COCOMO algorithms for effort and allows function points as a size input.
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Statistical Test Results
Unlike the other models, Costar converts function points to SLOC Table 3 shows the results of the before computing effort required.
three statistical tests run on the For COBOL programs, the model asmodels. Each test and results are sumes 9 1 SLOC per function point. now summarized. 
where X are model estimates, Y are actual values, and A and b, are constants.
As shown in Table 3 , all values easily passed the F-ratio test, ,and all except Checkpoint have an R of .80 or better, However, since Checkpoint's value is so close to .80, and the three models show no significant differences, they all are of about equal reliability.
b. Wilcoxon trTrl Statistic:
The IrTt1 statistic (Tstat) is a measure of bias in estimating; a large TStat indicates a non-zero mean of errors, and the sign indicates the direction of bias.
The computed TStat is compared to a reference value. In this case, the reference value for 36 estimates are 2.41 at the 99% confidence level and 1.70 at the 95% confidence level. Table 3 shows that all models' TStat values exceed the 9 5 % confidence value, and only Checkpoint does not exceed the 99% confidence level. This indicates that sthe models gen-erally are biased, and the negative signs indicate that the models tend to overestimate effort. An implication here is that models may benefit from calibration to offset the bias present.
c. Percentaqe Error Tests:
Percentage error tests show the fractional or percentage differences between the estimated and actual results.
For this study, three percentage tests were run: raw error, magnitude of relative error (MRE), and predescribed range.
The raw error test sums the percentage errors for individual data points, then computes a mean and standard deviation. The individual errors are computed by the formula:
where X and Y are as defined in Equation ( 3 ) . Table 3 shows the means and standard deviations of the raw errors for the three models, expressed as a decimal percentage. All means were positive: a finding consistent with the Wilcoxon test that all models tend to overestimate. Checkpoint had the lowest overall error, although the relatively high standard deviations for all three models indicate inconsistency.
The MRE test sums the absolute values for the errors computed in equation ( 4 ) above, and avoids the potential effects of positive and negative values canceling each other out.
Therefore, it may be a more valid test of model accuracy. Table 3 shows that the differences among models were not as great for this test: however, the model accuracies were even worse.
The predescribed percentage test shows the fraction of estimates within a predescribed range of actual values: 20% and 30% were ranges selected for this study. Checkpoint showed the most accuracy; however, no model was accurate even to within 30% half of the time.
A final test was accomplished by adjusting the model Is estimates to eliminate bias. This adjustment was done by dividing each estimated value by a factor of 1 plus the mean of the raw error. The three percentage tests were run for the new actuals. Table 3 shows that the raw and MRE errors decreased significantly, and that the models are more accurate.
Furthermore, the three models are nearly equal in predictive capability. However, the accuracy is still not overwhelming; the models only have half a chance of estimating within 3 0 % of the actuals, even using the same database for which they were adjusted.
Study Results and Conclusions
The study shows that the three function point models can be useful in effort estimation, especially if they can be adjusted for bias. Based on the percentage tests, the unadjusted Checkpoint model was more accurate than the other two models. However, when models were adjusted for bias, the results were very similar. This is consistent with the LSBF test results, where the three models' R values were nearly identical. Calibration of models, or adjusting models to a particular environment, appears to be a worthwhile endeavor if greater accuracy is sought.
Still, the models' performances are not scintillating; the adjusted models were accurate to within 30% only about half of the time. This finding is diminished in that the same database was used for both adjustment and comparison; a practice not advocated in actual model calibration efforts.
It may be concluded from this study that function points can indeed be use-ful for effort estimation, but spectacular accuracy can not be expected.
FUTURE DIRECTIONS
Function points are currently in good repute, especially for business and data processing applications. The International Function Points User's Group (IFPUG) has been formed to continually improve function points theory and practice. The IFPUG is currently studying and revising some of Albrecht's equations.
Function points do have disadvantages, however.
One problem is that Albrecht's five attributes are sometimes hard to define and count. Symons [lo] has proposed the concept of Mark I1 function points with only three attributes:
inputs, outputs, and entities. For the Mark I1 concept, external interfaces and inquiries are treated as inputs or outputs, and internal files are 81replaced'8 by a measure of entity types referenced by transactions. This concept has the advantage of requiring fewer attributes to be counted, but has not yet received extensive analysis.
Another disadvantage of function points, according to Symons [lo] and others, is that they are not readily adaptable to the real-time or scientific environments. Several attempts have been made to adapt the concept to these environments. Some of these will now be briefly discussed. ( 5 ) This equation is similar to Equation (1) except that algorithms are added and the coefficient for F is reduced from 10 to 7.
Gaffney and Werling
Reifer has proposed a different method for real-time applications in the ASSET-R sizing model marketed by his company, Reifer Consultants, Inc. [13] . In addition to Albrecht's five attributes, Reifer adds three more attributes: operating modes, stimulus/response relationships, and rendezvous. (For scientific programs, only operating modes are added.) Operating modes are time-dependent end-to-end processing flows to which software performance can be related; stimulus/response relationships measure the amount of sequencing and control in real-time systems; and rendezvous are a measure of the degree of concurrency in real time systems Unlike Equations (1) and ( 5 ) , all attributes are initially weighted with a value of Ill", and other factors are used to adjust function point totals.
At the current time, little independent research has been done on any of the real-time variations of function points: therefore, it is difficult to ascertain whether function points are indeed useful outside of the data processing environment. The amount of attention devoted to function points and variations seems to remain high, however, and function points promise to be a fascinating area of study for future software sizing and effort estimating efforts.
